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(54) Printing system, method of recording images, and ink cartridge 



(57) A printing system reduces a total amount of dis- 
charge of at least three different color inks that are mix- 
able to express hues in a predetermined range without 
deteriorating the degree of granularity. The printing sys- 
tem reads recording ratios of the respective color inks 
corresponding to input tone data regarding the respec- 
tive color inks from tables TC, TM, and TY and forms 
dots according to the recording ratios. Yellow ink Y has 



a higher dye density than a balancing density that en- 
sures a color balance. This makes the recording ratio of 
the yellow ink Y lower than the recording ratios of cyan 
ink 0 and magenta ink M. The yellow ink Y has high 
lightness, so that sparely formed dots do not increase 
the degree of granularity even in an area of low tone 
data. The enhanced density of the yellow ink Y reduces 
the total amount of inks discharged from a head to sat- 
isfy a required printing density. 
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Description 

The present invention relates to a printing system, 
which has a head for recording three or more different 
inks that are mixable to express hues in a predetermined 
range and records multi-tone images with the inks dis- 
charged from the head onto a printing object. The 
present invention also pertains to a method of recording 
images and an ink cartridge attachable to such a printing 
system. 

Color printers with a head for recording a plurality 
of color inks on a printing object are widely used as an 
output device of a computer, which prints multi-color, 
multi-tone images processed by the computer. The fol- 
lowing techniques are known as methods of recording 
inks on a printing object: a thernnal transfer system that 
melts inks on ink ribbons and transfers the molten inks 
to a sheet of paper; an Inkjet system that sprays colored 
ink solutions onto a sheet of paper; and an electropho- 
tographic system that uses laser or another light to cre- 
ate a latent image on a photoconductive intermediary 
and transfers color toners to render the latent image vis- 
ible. All such available techniques reproduce colors in 
a predetermined hue range by mixing a plurality of color 
inks. Three color inks, cyan, magenta, and yellow (CMY) 
are generally used for full-color printing. 

There are several techniques available for printing 
multi-tone, multi-color images with a plurality of color 
inks. One available technique, which is adopted in con- 
ventional printers, expresses the tone of a printed Image 
by the density of dots (the frequency of appearance of 
dots per unit area) while fixing the size of dots formed 
on a sheet of paper by a stream of ink droplets. Another 
available technique adjusts the diameter of dots formed 
on a sheet of paper, in order to vary the density of ink 
per unit area. The advanced fine working of the head for 
creating ink particles has improved the density of dots 
formable per predetermined length or the variable range 
of dot diameters. 

The improvement in printers has, however so far 
been limited to 300 dpi through 720 dpi in printing den- 
sity or resolution and several tens microns in particle 
diameter This is significantly lower than the level of ex- 
pression or resolution of silver photography, which has 
reached several thousands dpi on the film. Dots are 
sparsely formed in an area of low image density, that is, 
in an area of low density of dots to be printed. This in- 
creases the degree of granularity and makes the dots 
undesirably conspicuous. In printers for spraying liquid 
ink onto a paper, the total amount of ink sprayed per unit 
area is restricted by the absorbable volume of ink by the 
paper (generally referred to as ink duty). The restriction 
of ink duty is an issue to be cleared in printers using a 
plurality ot color inks for color printing. The issue of ink 
duty is actualized especially in the case where higher- 
density ink and lower-density ink are provided for the 
respective colors and the lower-density ink is used for 
printing low-tone areas in order to decrease the degree 



of granularity. Expression of a specific tone with the low- 
er-density ink results in increasing the total amount of 
ink sprayed per unit area. 

The object of the present invention is thus to regu- 
5 late the density of a specific color Ink and relieve the 
restriction of ink duty while keeping the quality of a print- 
ed Inr^ge in a printing system with a head for spraying 
three or more different inks that are mixable to express 
hues in a predetermined range. 

At least part of the above and the other related ob- 
jects are realized by a first printing system having a head 
for recording at least three different color inks, which are 
mixable to express hues In a predetermined range, on 
a printing object, wherein a density ratio of a specific 
color ink, which has highest lightness against a fixed re- 
cording ratio among the at least three different color 
inks, to the other color inks is determined, In order to 
enable a color balance to be biased to the specific color 
iiik having the highest lightness in case that the specific 
color ink and the other color inks have an identical re- 
cording ratio per unit area. The first printing system in- 
cludes correction means for correcting a recording 
amount of the specific color ink having the highest light- 
ness to a level that cancels the bias. 

The present invention is also directed to a first im- 
age recording method corresponding to the first printing 
system. The first method records a multi-tone Image by 
controlling a head that Is able to record at least three 
different color Inks, which are mixable to express hues 
in a predetermined range, and regulating a distribution 
of dots formed by the at least three different color inks 
based on tone signals regarding an original image to be 
printed. The first method includes the steps of: 

detemnlning a density ratio of a specific color ink, 
which has highest lightness against a fixed record- 
ing ratb among the at least three different color 
inks, to the other color inks, In order to enable a 
color balance to be biased to the specific color ink 
having the highest lightness in casethat the specific 
color ink and the other color Inks have an Identical 
recording ratio per unit area; and 
con-ecting a recording amount of the specific color 
ink having the highest lightness to a level that can- 
cels the bias. 

The first printing system (or the corresponding first 
image recording method) of the present inventbn has a 
head for recording at least three different color inks that 
are mixable to express hues In a predetermined range. 
The printing system forms dots of these color inks at a 
predetermined ratio, so as to record Images of various 
hues and lightness (densities). In the first printing sys- 
tem, the color balance is biased to the specific color ink 
having highest lightness against a fixed recording ratio, 
in case that all the color inks have an identical recording 
ratio per unit area. The correction means then corrects 
the recording amount of the specific color ink having the 
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highest lightness to a level that cancels the bias. Such 
correction ensures a normal color balance and reduces 
the recording amount of the specific color ink having the 
highest lightness and less effect of granularity in a low 
density area. This structure accordingly reduces the to- s 
tal amount of inks to be recorded while keeping the qual- 
ity of a resulting image. 

At least part of the above and the other related ob- 
jects are also realized by a second printing system hav- 
ing a head for recording at least three different color io 
inks, which are mixable to express hues in a predeter- 
mined range, on a printing object, wherein a density ratio 
of a specific color ink, which has lowest conspicuous- 
ness of granularity against a fixed recording ratio among 
the at least three different color inks, to the other color 15 
inks is determined, in order to enable a color balance to 
be biased to the specific color ink having the lowest con- 
spicuousness of granularity in case that the specific 
color ink and the other color inks have an identical re- 
cording ratio per unit area. The second printing system 20 
includes correction means for correcting a recording 
amount of the specific color ink having the lowest con- 
spicuousness of granularity to a level that cancels the 
bias. 

The present invention is further directed to a second 2S 
image recording method corresponding to the second 
printing system. The second method records a multi- 
tone image by controlling a head that is able to record 
at least three different color inks, which are mixable to 
express hues in a predetermined range, and regulating 30 
a distribution of dots fonmed by the at least three differ- 
ent color inks based on tone signals regarding an orig- 
inal image to be printed. The second method includes 
the steps of: 

35 

determining a density ratio of a specific color ink, 
which has lowest conspicuousness of granularity 
against a fixed recording ratio among the at least 
three different color inks, to the other color inks, in 
order to enable a color balance to be biased to the 40 
specific color ink having the lowest conspicuous- 
ness of granularity in case that the specific color ink 
and the other color inks have an identical recording 
ratio per unit area; and 

correcting a recording amount of the specific color 
ink having the lowest conspicuousness of granular- 
ity to a level that cancels the bias. 

The second printing system (or the corresponding 
first image recording method) of the present invention 
has a head for recording at least three different color 
inks that are mixable to express hues in a predetermined 
range. The printing system forms dots of these color inks 
at a predetermined ratio, so as to record images of var- 
ious hues and lightness (densities). In the second print- S5 
ing system, the color balance is biased to the specific 
color ink having lowest conspicuousness of granularity 
against a fixed recording ratio, in case that all the color 



inks have an identical recording ratio per unit area. The 
correction means then corrects the recording amount of 
the specific color ink having the lowest conspicuous- 
ness of granularity to a level that cancels the bias. Such 
correction ensures a normal color balance and reduces 
the recording amount of the specific color ink having the 
lowest conspicuousness of granularity. This structure 
accordingly reduces the total amount of inks to be re- 
corded white keeping the quality of a resulting image. 

Three primary color inks, that is, yellow, magenta, 
and cyan inks, are practically adopted as the at least 
three different color inks in the first and the second print- 
ing systems. It is also practical to select yellow as the 
specific color ink having the highest lightness or the low- 
est conspicuousness of granularity. In another combi- 
nation of color inks, the specific color ink having highest 
lightness or lowest conspicuousness of granularity 
should be selected among all the color inks. 

There are a variety of approaches to bias the color 
balance in the specified combination of color inks. One 
possible approach increases the dye density of the spe- 
cific color ink having the highest tightness or the bwest 
conspicuousness of granularity in a range of 1,1 to 4 
times a balancing density that ensures a color balance 
in case that the at least three different color inks have 
an identical recording ratio per unit area. An increased 
density of less than 1 . 1 times can not exert the expected 
effects, whereas an Increased density of greater- than 4 
times worsens the degree of granularity. Simple adjust- 
ment of the dye density can readily bias the color bal- 
ance to a desired extent. 

Correction of the recording amount of the specific 
color ink having the highest lightness or the lowest con- 
spicuousness of granularity may be accomplished by 
decreasing the proportion of dots formed by the specific 
color ink or by decreasing the diameter of dots formed 
by the specific color ink. 

Another possible approach to bias the color balance 
in the specified combination of color inks sets the diam- 
eter of dots formed by the specific color ink having the 
highest lightness or the lowest conspicuousness of 
granularity to be greater than the diameter of dots 
formed by the other color inks. In this case, the correc- 
tion means carries out the required correction by de- 
creasing the proportion of dots fomaed by the specific 
color ink. 

A variety of known methods are applicable to record 
at least three different color inks on a printing object. By 
way of example, each of these color inks is provided as 
a solution prepared by dissolving or dispersing a dye or 
a pigment in a solvent, and each solution containing the 
dye or the pigment is sprayed from the head onto the 
printing object. 

In this structure, the correction means corrects the 
discharge amount of the specific color ink. The method 
of spraying the ink solution advantageously forms fine - 
dots at a relatively high speed. 

In the printing system using such ink solutions, it is 
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preferable that at least two types of inks having different 
densities are provided for the color inks other than the 
specific color ink among the at least three different color 
inks. In this structure, the specific color Ink having the 
highest lightness or the lowest conspicuousness of 
granularity as well as the at least two types of inks hav- 
ing different densities with respect to the other color inks 
are sprayed from the head This structure provides the 
low-density, light ink for the colors having relatively high 
conspicuousness of granularity, thereby preventing an 
increase in degree of granularity in a low density area. 

In the color combination of yellow, magenta, and cy- 
an, the at least two types of inks having different densi- 
ties are provided for magenta and cyan. The dye density 
of the lower-density ink with respect to each color is ap- 
proximately one quarter the dye density of the higher- 
density ink. This ensures natural effects on a density 
variation in the place where dots of the deep Ink are 
mixed with dots of the light ink. 

A variety of techniques are applicable to form dots 
of the respective color inks. For example, the dither 
method may be applied to determine formation or non- 
formation of dots by each color ink. In the dither method, 
a threshold matrix of discrete dither can be used to de- 
termine the on/off state of dots. The threshold matrix of 
discrete dither well disperses the dots and thus advan- 
tageously improves the degree of granularity. 

A variety of mechanisms are applicable for dot for- 
mation in such printing systems. By way of example, the 
head may have a mechanism for discharging ink parti- 
cles under a pressure applied to each ink running 
through an ink conduit by application of a voltage to a 
piezoelectric element arranged In the ink conduit, or a 
mechanism for discharging ink particles under a pres- 
sure applied to each Ink running through an ink conduit 
by air bubbles that are produced by a supply of electricity 
to a heating body arranged in the ink conduit. 

The present Invention is further directed to an ink 
cartridge attachable to either one of the above printing 
systems or used In either one of the above methods, 
which has a head for recording at least three different 
color inks, which are mixable to express hues In a pre- 
determined range, on a printing object. The ink cartridge 
Includes the at least three different color Inks, which are 
mixable to express hues in the predetermined range and 
stored therein. At least either one of a specific color ink 
having highest lightness against a fixed recording ratio 
and a specific color ink having lowest conspicuousness 
of granularity against the fixed recording ratio among the 
at least three different color inks has a dye density high- 
er than a balancing density that ensures a color balance 
in case that the at least three different color Inks have 
an identical recording ratio per unit area. A volume of 
the specific color Ink stored in the ink cartridge is not 
greater than a volume of each of the other color inks. 

In the printing systems and the corresponding im- 
age recording methods discussed above, the specific 
color ink having highest lightness or lowest conspicu- 



ousness of granularity against a fixed recording ratio 
has the increased dye density and thereby the de- 
creased volume of consumption. The volume of the spe- 
cific color ink stored in the ink cartridge is accordingly 
s equal to or less than the volumes of the other color inks. 
This enables the respective color inks to be used up at 
substantially the same timings. 

In case that at least two types of inks having differ- 
ent densities are provided for the color inks other than 
the specific color ink having the highest lightness or the 
lowest conspicuousness of granularity, each of the at 
least two types of inks having different densities has a 
less volume of consumption. In this case, the volume of 
the specific color ink stored in the ink cartridge may be 
set greater than the volume of each of the at least two 
types of inks having different densities. 

These and other objects, features, aspects, and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description of the pre- 
ferred embodiment with the accompanying drawings, 
given by way of example only. 

Fig. 1 schematically Illustrates structure of a printer 
20 embodying the present invention; 
Fig. 2 is a block diagram showing structure of a con- 
trol circuit 40 included in the printer 20; 
Fig. 3 Is a perspective view illustrating structure of 
a carriage 30 included in the printer 20; 
Fig. 4 shows an arrangement of color ink heads 61 
through 66 in a print head 28; 
Fig. 5 is a perspective view showing a color ink car- 
tridge 70a; 

Fig. 6 shows a mechanism of ink discharge in each 
of the color ink heads 61 through 66; 
Fig. 7A and 7B show a process of discharging ink 
particles Ip by extension of a piezoelectric element 
PE; 

Fig. 8 Is a block diagram showing a series of proc- 
esses that enable a computer 90 to print images 
based on image infornr^ation; 
Fig. 9 shows compositions of color inks used in the 
embodiment; 

Fig. 10 is a graph showing the lightness plotted 
against the recording ratio of each color ink; 
Fig. 1 1 shows the relationship between the hue and 
the saturation of each ink in the CI E LAB space; 
Fig. 1 2 Is a flowchart showing a halftone processing 
routine executed by a halftone module 99; 
Fig. 1 3 is a graph showing the relationship between 
the Input data and the recording ratio with respect 
to cyan, magenta, and yellow inks; 
Fig. 1 4 shows weights added to the peripheral pix- 
els, into which an error is distributed in the process 
of error distribution; 

Fig. ISA through 15D show formation of dots by yel- 
low ink and magenta ink; 

Fig. 16 is a flowchart showing a routine for deter- 
mining formation of deep dots; 
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Fig. 17 is a flowchart showing a routine tor deter- 
mining formation of light dots; 
Fig. 1 8 is a graph showing the relationship between 
the tone data and the recording ratios of light ink 
and deep ink in the embodiment; 
Fig. 19 shows a process of creating dots by light ink 
and deep ink; and 

Figs. 20A through 20E show another mechanism 
for discharging ink particles. 

One mode of carrying out the present invention is 
described below as a preferred embodiment. Fig. 1 
schematically illustrates structure of a printer 20 embod- 
ying the present invention. Referring to Fig. 1 , the printer 
20 has a mechanism for feeding a sheet of paper P by 
means of a sheet feed motor 22, a mechanism for re- 
ciprocating a carriage 30 along the axis of a platen 26 
by means of a carriage motor 24, a mechanism for driv- 
ing a print head 28 mounted on the carriage 30 to control 
discharge of inks and formation of dots, and a control 
circuit 40 for transmitting signals to and from the sheet 
feed motor 22, the carriage motor 24, the print head 28, 
and a control panel 32. 

The mechanism for feeding the sheet of paper P 
has a gear train (not shown) for transmitting rotations of 
the sheet feed motor 22 to the platen 26 as well as a 
sheet feed roller (not shown). The mechanism for recip- 
rocating the carriage 30 includes a sliding shaft 34 ar- 
ranged in parallel with the axis of the platen 26 for s lid- 
ably supporting the carriage 30, a pulley 38, an endless 
drive belt 36 spanned between the carriage motor 24 
and the pulley 38, and a position sensor 39 for detecting 
the position of the origin of the carriage 30. 

Fig. 2 is a block diagram illustrating structure of the 
control circuit 40 and peripheral units included in the 
printer 20, Referring to Fig. 2, the control circuit 40 Is 
constructed as a known arithmetic and logic operation 
circuit including a CPU 41 , a P-ROM 43 for storing pro- 
grams, a RAM 44, and a character generator (CG) 45 
for storing dot matrices of characters. The control circuit 
40 further includes an exclusive l/F circuit 50 exclusively 
working as an interface to an external motor and the like, 
a head drive circuit 52 connecting with the exclusive 1/ 
F circuit 50 for driving the print head 28, and a motor 
drive circuit 54 connecting with the exclusive l/F circuit 
50 for driving the sheet teed motor 22 and the carriage 
motor 24. The exclusive l/F circuit 50 includes a parallel 
interface circuit and is connected to a computer via a 
connector 56 to receive printing signals output from the 
computer. Output of image signals from the computer 
will be discussed later. 

The following describes a concrete structure of the 
carriage 30 and the principle of discharging ink by the 
print head 28 mounted on the carriage 30. Fig. 3 is a 
perspective view showing structure of the carriage 30. 
Fig. 4 is a plan view illustrating nozzles arranged in the 
print head 28 set on the lower portion of the carriage 30 
for spraying the respective color inks. A color ink car- 



tridge 70a and a black ink cartridge 70b are attachable 
to the substantially L-shaped carriage 30 shown in Fig. 
3. Detailed structure of the color ink cartridge 70a is 
shown in Fig. 5. A partition wall 31 separates the black 
5 ink cartridge 70b from the color ink cartridge 70a, Re- 
ferring to Fig. 4, six color ink heads 61 through 66 for 
respectively discharging color inks are formed in the 
print head 28 that is disposed on the lower portion of the 
carriage 30. Ink supply pipes 71 through 76 for leading 
inks from ink tanks to the respective color ink heads 61 
through 66 are formed upright on the bottom of the car- 
riage 30 as shown in Fig, 3. When the color ink cartridge 
70a and the black ink cartridge 70b are attached down- 
ward to the carriage 30, the ink supply pipes 71 through 
76 are inserted into connection apertures (not shown) 
formed in the respective cartridges 70a and 70b. 

When the ink cartridge 70 (including the color ink 
cartridge 70a and the black ink cartridge 70b) is at- 
tached to the carriage 30, inks In the Ink cartridge 70 are 
sucked out by capillarity through the ink supply pipes 71 
through 76 and are led to the color ink heads 61 through 
66 formed in the print head 28 arranged on the lower 
portion of the carriage 30 as shown in Fig. 6. In case 
that the Ink cartridge 70 is attached to the carriage 30 
for the first time, a pump works to suck inks into the re- 
spective color ink heads 61 through 66. In this embodi- 
ment, structures of the pump for suction and a cap for 
covering the print head 28 during the suction are not il- 
lustrated nor described specifically. 

A row of thirty -two nozzles 'n' are formed in each of 
the color ink heads 61 through 66 as shown In Figs. 4 
and 6, A piezoelectric element PE having excellent re- 
sponse, which is one of electrically distorting elements, 
is arranged for each row of nozzles 'n'. Fig. 7 A and 7B 
illustrate a configuration of the piezoelectric element PE 
and the nozzles 'n'. The piezoelectric element PE is dis- 
posed at a position that comes into contact with an ink 
conduit 68 for leading ink to the nozzles 'n'. As is known, 
the piezoelectric element PE has a crystal structure that 
is subjected to a mechanical stress due to application 
of a voltage and thereby carries out extremely high- 
speed conversion of electrical energy to mechanical en- 
ergy. In this embodiment, application of a voltage be- 
tween electrodes on either ends of the piezoelectric el- 
ement PE for a predetermined time period causes the 
piezoelectric element PE to abruptly extend and deform 
one side wall of the Ink conduit 68 as shown in the draw- 
ing of Fig. 7B. The volume of the Ink conduit 68 is re- 
duced with an extension of the piezoelectric element 
PE. and a certain amount of ink corresponding to the 
volume reduction is sprayed as ink particles Ip from the 
ends of the nozzles 'n' at a high speed. The ink particles 
Ip soak into the sheet of paper P set on the platen 26, 
so as to print images. 

In order to ensure spaces for the piezoelectric ele- 
ments PE, the six color ink heads 61 through 66 are di- 
vided into three pairs on the print head 28 as shown in 
Fig. 4. The first pair includes the black ink head 61 that 
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is arranged at one end close to the black ink cartridge 
70b and the cyan ink head 62 that is disposed next to 
the black ink head 61 . The second pair includes the light 
cyan ink head 63 for cyan ink having the lower density 
than that of the standard cyan ink supplied to the cyan 
ink head 62 (hereinafter referred to as light cyan ink) 
and the magenta ink head 64. The third pair includes 
the light magenta ink head 65 tor magenta ink having 
the lower density than that of the standard magenta ink 
supplied to the magenta ink head 64 (hereinafter re- 
ferred to as light magenta ink) and the yellow ink head 
66. The compositions and densities of the respective 
inks will be discussed later 

I n the printer 20 of the embodiment having the hard- 
ware structure discussed above, while the sheet feed 
motor 22 rotates the platen 26 and the other related roll- 
ers to feed the sheet of paper R the carriage motor 24 
drives and reciprocates the carriage 30, simultaneously 
with actuation of the piezoelectric elements PE on the 
respective color ink heads 61 through 66 of the print 
head 28. The printer 20 accordingly sprays the respec- 
tive color inks and transfers multi-cotor images onto the 
sheet of paper P. Referring to Fig. 8, the printer 20 prints 
multi-color images based on signals output from an im- 
age production apparatus, such as a computer 90, via 
the connector 56, In this embodiment, an applications 
program 95 working in the computer 90 processes im- 
ages and displays the processed innages on a CRT dis- 
play 93 via a video driver 91 . When the applications pro- 
gram 95 outputs a printing instruction, a printer driver 

96 in the computer 90 receives image information from 
the applications program 95 and the printer 20 converts 
the image information to printable signals. In the exam- 
ple of Fig. 8, the printer driver 96 includes a rasterizer 

97 for converting the image information processed by 
the applications program 95 to dot-based color infomna- 
tion, a color correction module 98 for causing the image 
information that has been converted to the dot-based 
color information (tone data) to be subjected to color cor- 
rection according to the colorimetric characteristics of 
an image output apparatus, such as the printer 20, and 
a halftone module 99 for generating halftone image in- 
fornnation, which expresses density of a specified area 
by the existence or non-existence of ink in each dot unit, 
from the color-corrected image infomnation. Operations 
of these modules are known to the skilled in the art and 
are thus not specifically described here in principle, 
though the contents of the halftone module 99 will be 
discussed later. 

As discussed above, the printer 20 of the embodi- 
ment has the print head 28 including a plurality of color 
ink heads, from which the respective color inks are 
sprayed. As shown in Fig. 9, yellow ink Y and black ink 
BK discharged from the corresponding color ink heads 
61 and 66 respectively include 2.7% by weight of Direct 
yellow 86 and 4.8% by weight of Food black 2 as dyes. 
The print head 28 has the additional heads 63 and 65 
for light cyan ink and light magenta ink other than the 



four heads 61 , 62, 64, and 66 for the standard four color 
inks BK, C, M and Y As shown in Fig. 9, light cyan ink 
and light magenta ink have lower dye densities than 
those of the standard cyan ink and magenta ink. 
s Cyan ink of standard density (defined as CI in Fig. 
9) includes 3.6% by weight of Direct blue 199 as a dye, 
30% by weight of diethylene glycol, 1% by weight of 
Surfinol 465, and 65.4% by weight of water Light cyan 
ink (defined as C2 in Fig. 9), on the other hand, includes 
only 0.9% by weight of Direct blue 99, that is, one quarter 
the dye density of the cyan ink CI , and 35% by weight 
of diethylene glycol and 63.1% by weight of water for 
adjustment of the viscosity. Magenta ink of standard 
density (defined as Ml in Fig. 9) includes 2.8% by weight 
of Acid red 289 as a dye, 20% by weight of diethylene 
glycol, 1% by weight of Surfinol 465. and 76.2% by 
weight of water Light magenta ink (defined as M2 in Fig. 
9), on the other hand, includes only 0.7% by weight of 
Acid red 289, that is, one quarter the dye density of the 
magenta ink M1 , and 25% by weight of diethylene glycol 
and 73.3% by weight of water for adjustment of the vis- 
cosity. All these inks are regulated to have the viscosity 
of approximately 3 [mPa-s]. In this embodiment, the re- 
spective color inks are prepared to have substantially 
the same surface tension as well as the viscosity of iden- 
tical level. This ensures identical control of the piezoe- 
lectric elements PE for the respective color ink heads 
61 through 66, Irrespective of the type of inks for creating 
dots. 

Among these inks, all the color inks CI , C2, Ml , M2, 
and Y other than the black ink BK are stored in the color 
ink cartridge 70a shown in Fig. 5. In this embodiment, 
the volume of the yellow ink Y is greater than the volume 
of each of the other inks (CI , C2, Ml and M2). Lower- 
density ink (light ink) and higher-density ink (deep ink) 
are provided for cyan and magenta, and the volume of 
the yellow ink Y is smaller than the total volume of light 
Ink and deep ink with respect to cyan or nnagenta in the 
embodiment. The volume of the yellow ink may, howev- 
er, be equal to the total volume of light ink and deep ink 
with respect to each color or equal to the volume of each 
light ink or deep ink. 

Fig. 10 is a graph showing the lightness L* plotted 
against the recording ratio with respect to the color inks 
used in the embodiment. The abscissa of Fig. 10 de- 
notes the recording ratio to the recording resolution of 
the printer, that is, the proportion of dots printed on the 
white sheet of paper P by the ink particles Ip sprayed 
out of the nozzles 'n*. The recording ratio =100 repre- 
sents the state, in which the whole surface of the sheet 
of paper P is covered with the ink particles Ip. This em- 
bodiment uses yellow ink Y2 having a greater dye den- 
sity than that of standard yellow ink Y1 . As clearly seen 
in the graph of Fig. 10, the yellow ink Y has the highest 
lightness among the three primary colors C, M, and Y 
Even at the recording ratio of 100%, the lightness L* of 
the yellow ink Y is far over 80%. The lightness L* here 
represents the lightness in a CIE1976L*a*b* color 
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space (CIELAB space). 

In the graph of Fig. 10, the curve of closed circles 
represents the relationship between the lightness and 
the recording ratio with respect to the yellow ink Y2, 
whereas the curve of open circles represents the same 
with respect to the yellow ink Y1 of standard density. 
The dye density of the yellow inkY2 is 1.5 times as high 
as the dye density of the standard yellow ink Y1. The 
lightness decreases in proportion to the 1.5-fold dye 
density. The lightness of the yellow ink Y1 of standard 
density at the recording ratio of 100% Is equal to the 
lightness of the yellow Ink Y2 of higher density at the 
recording ratio of approximately 67%. 

The following describes the relationship between 
the recording ratio, the hue, and the saturation with re- 
spect to the color inks. Fig. 11 shows the hue and the 
saturation with varying recording ratios in the case of 
printing images on a sheet of paper with three color inks, 
that Is, yellow, magenta, cyan. The graph of Fig. 11 rep- 
resents data of a*b* in the CIE1 976L*a*b* color space 
(CIELAB space). In the CIELAB space, the angle from 
the abscissa denotes the hue and the distance from the 
origin (0,0) denotes the saturation. 

The graph of Fig. 11 shows variations in hue and 
saturation with an increase in recording ratio by 10% 
each time for the color inks C. and Y1 of standard 
densities (respectively expressed by the open dia- 
monds, the open squares, and the open circles). 

Variations in hue and saturation for the yellow ink 
Y2 of the embodiment are expressed by the closed cir- 
cles, wherein the dye density of the yellow ink Y2 is 1 .5 
times as high as the dye density of the standard yellow 
ink Y1. The saturation (chromatic purity) of the yellow 
ink Y2 varies at a greater rate than that of the standard 
yellow ink Y1 with an increase in recording ratio by 10% 
each time. The saturatran of the yellow ink Y2 at the re- 
cording ratio of 66% substantially coincides with the sat- 
uration of the standard yellow ink Y1 at the recording 
ratio of 100%. This characteristic naturally narrows the 
range of regulating the number of dots. In the case of a 
10x10 matrix, 0 to 100 dots are regulated for the yellow 
ink Y1 of standard density, whereas only 0 to 66 dots 
are regulated for the yellow ink Y2 of higher density. 

The color of gray Is formed by recording the three 
color inks of standard densities at identical recording ra- 
tios. The hue of gray Is deviated to the side of yellow 
when the yellow ink Y2 of the embodiment is recorded 
at the same recording ratio as those of cyan and ma- 
genta inks. 

In this embodiment, both the lower-density ink and 
the higher-density ink are applied for the cyan C and 
magenta f\/\. The lightness of the lower-density Ink and 
the higher density inksatisfies the following relationship. 
The light cyan ink 02 has approximately one quarter the 
dye density (percent by weight) of the cyan ink 01 . The 
lightness of the light cyan ink C2 at the recording ratio 
of 100% is substantially equal to the lightness of the cy- 
an ink CI at the recording ratio of approximately 35%. 



This relationship is also applicable to the lightness of 
the magenta ink Ml and the light magenta ink M2. The 
proportion of the recording ratios of different-density 
inks giving the identical lightness is specified by the 
5 beauty of color mixture in case that the two different- 
density Inks are mixed in print. In practice, it is desirable 
to adjust the proportion in the range of 20% to 50%. This 
relationship is substantially equivalent to the adjustment 
of the dye density (percent by weight) of the lower-den- 
sity Ink (the light cyan Ink 02 or the light magenta ink 
M2) to almost one fifth to one third the dye density (per- 
cent by weight) of the higher-density Ink (the cyan ink 
CI or the magenta Ink M1). 

In the printer 20 of the embodiment, the halftone 
module 99 of the printer driver 96 carries out the 
processing to form dots of the respective color Inks. The 
printer 20 of the embodiment uses both the higher-den- 
sity ink (deep ink) and the lower-density ink (light ink) 
for cyan and magenta, and formation of dots by the high- 
er-density ink (deep dots) and fomnation of dots by the 
bwer-density ink (light dots) follow different processing 
routines. The following description first regards the proc- 
ess of forming dots by the yellow ink of higher density 
and the cyan ink and magenta Ink of standard densities 
and additionally the process of forming dots by the high- 
er-density ink and the lower density ink. Fig. 1 2 Is a flow- 
chart showing a halftone processing routine for the C, 
M, and Y colors carried out by the halftone module 99. 
In the halftone process, the same procedures are basi- 
cally repeated for the 0, M, and Y colors. 

When the program enters the routine of Fig, 12, at 
step S100, the halftone module 99 first receives tone 
data of the cyan ink C among the tone data of the re- 
spective colors 0, Y, and M converted by the color cor- 
rection module 98 shown in Fig. 8. The tone data are 
expressed as 8-blt data and thereby take the values of 
0 through 255. The halftone module 99 then reads the 
recording ratio corresponding to the input tone data from 
a table TO and determines the on/off state of dots for 
the cyan ink C at step S1 1 0. Fig. 1 3 shows an example 
of the table for the respective color Inks, A variety of 
techniques, for example, error diffusion method and 
systematic dither method, are applicable to determine 
the on/off state of dots for each color ink. The error dif- 
fusion method is adopted in this embodiment. After de- 
termining the on/off state of dots based on the density 
of cyan regarding a target pixel, the halftone module 99 
calculates and diffuses an error at step SI 20. In accord- 
ance with a concrete procedure, the difference between 
the true density regarding the target pixel and the den- 
sity expressed by the on state or the off state of dots is 
calculated as an error. The error is then distributed to 
the peripheral pixels in the vicinity of the target pixel with 
predetermined weights. In the printing process by error 
diffusion: a density error occurring in a processed pixel 
is distributed in advance Into peripheral pixels around 
the processed pixel with predetermined weights. The 
processing of step 3120 accordingly reads the corre- 
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sponding errors and causes the errors to affect the tar- 
get pixel to be printed next. Fig. 14 illustrates a process 
of distributing the error occurring in a processed pixel 
PP into peripheral pixels with specified weights. The 
density error is distributed into several pixels after the 
processed pixel PP in the scanning direction of the car- 
riage 30 and in the feeding direction of the sheet of paper 
P with predetemriined weights (1/4, 1/8, 1/16). 

In this ennbodinnent, inks of two different densities, 
that is, the deep ink and the light ink, are actually pro- 
vided for cyan C and magenta M to form deep dots and 
light dots. For the better understanding of the charac- 
teristic of the present invention, that is, the higher den- 
sity of the yellow ink Y, however, it is assumed that dots 
of cyan and magenta are formed only by the inks C and 
M of standard densities (corresponding to the higher- 
density inks CI and M1) in the discussion based on the 
flowchart of Fig. 1 2. 

After the above processing for the cyan ink, the 
same procedure is repeated for the magenta ink and the 
yellow ink. The halftone module 99 receives tone data 
of the magenta ink M at step SI 30, refers to a table TM 
in order to determine the on/off state of dots for magenta 
at step SI 40, and calculates and diffuses an error for 
magenta at step SI 50. The halftone module 99 then re- 
ceives tone data of the yellow Ink Y at step SI 60, refers 
to a table TY in order to determine the on/off state of 
dots foryellow at step S170, and calculates and diffuses 
an error for yellow at step SI 80, The recording ratio of 
dots by the yellow ink Y is reduced to approximately two 
thirds the recording ratios of dots by the cyan ink C and 
the magenta ink M as shown in Fig. 1 3. 

Since the recording ratio of dots for yellow ink is 
about two thirds the recording ratios of dots for cyan and 
magenta inks, yellow dots do not completely fill up the 
printing area even at the maximum tone data Fig. 1 5A 
through 15D show formation of dots at the maximum 
tones of magenta and yellow (tone data = 255). In this 
example, the discrete dither method is adopted to de- 
termine the on/off state of dots in a unit matrix of 3X3. 
Fig. 15A shows formation of dots by the yellow ink Y1 
of standard density, wherein the recording ratio is equal 
to 1 00[%] at the maximum tone data In the case of the 
yellow ink Y2 of the embodiment having the higher den- 
sity, on the other hand, only six dots are formed even at 
the maximum tone data (=255) as shown in Fig. 1 SB. 
Fig. 15C shows the case of the magenta ink M, wherein 
3X3 = 9 dots are formed. In case that dots are formed 
by both the magenta ink M and the yellow ink Y2 of high- 
er density, with respect to the three dots, only the ma- 
genta ink M is sprayed onto the paper as shown in Fig. 
15D. 

This results from the fact that the yellow ink Y2 has 
the dye density of 1 .5 times as high as the dye density 
of the standard yellow ink Y1 . The number of expressi- 
ble tones by the yellow ink Y2 of higher density is two 
thirds that by the standard yellow ink Y1 . Since the yel- 
low ink originally has high lightness, sparely formed dots 



in a low-density area of an original image do not signif- 
icantly increase the degree of granularity The yellow in k 
Y2 of high density accordingly reduces the total number 
of dots formed per unit area, that is, the amount of ink 

5 sprayed onto a unit area, without deteriorating the pic- 
ture quality due to the increase in granularity. Each pa- 
per has an upper limit (duty limit) for the total amount of 
ink dischargeable per unit area. It Is accordingly advan- 
tageous that the increase in density of the yellow ink 

70 reduces the required amount of ink. By way of example, 
the composite black is realized by 100[%] of cyan ink + 
100[%] of magenta ink + 60[%] of yellow ink Y2. Com- 
pared with the case using the yellow ink Y1 of standard 
density (maximum recording ratio = 100[%]) and thereby 

15 requiring the total duty of 300[%], the case using the yel- 
low ink Y2 of higher density requires the duty of 260[%]. 
This gives the margin of 40[%] with respect to the duty 
limit of the paper. As another example, dark red is re- 
corded on a paper having the duty limit of 190[%]. The 

20 conventional method using the standard yellow Ink Y1 
can print dark red by 1 0[%] of cyan + 100[%] of magenta 
+ 100[%] of yellow, resulting in the total duty of 210[%], 
This method, however, exceeds the duty limit of the pa- 
per and should accordingly use the black ink to satisfy 

25 the duty limit as 90[%] of magenta + 90[%] of yellow + 
10[%] of black. In the resulting print, conspicuous black 
dots having the highest density are sparely formed to 
realize dark red. This worsens the granularity and dete- 
riorates the picture quality. The method of the embodi- 

30 ment using the yellow ink Y2 of high density, on the other 
hand, realizes dark red by 10[%) of cyan, 100[%] of ma- 
genta, and 67[%] of yellow. The total duty is lower than 
the duty limit of the paper This accordingly ensures the 
favorable granularity and high picture quality. The meth- 

35 od of the embodiment using the yellow ink of high den- 
sity gives the margin with respect to the duty limit, there- 
by optimizing the amounts of the respective color inks 
and ensuring high picture quality 

The method of the embodiment using the yellow ink 

40 of high dye density reduces the required number of dots. 
The decrease in number of dots gives the margin in 
overlap of the respective color inks. There are various 
devices regarding the overlap of inks. The fact that ap- 
proximately one third the area is free from the dots of 

45 yellow ink advantageously increases the degree of free- 
dom in arrangement of dots formed by overlapping a 
plurality of colors. The decrease in number of dots by 
the yellow ink naturally reduces the mean consumption 
of yellow ink in the process of printing a predetermined 

50 area. This results in reducing the required amount of yel- 
low ink stored in the ink cartridge 70. The decrease in 
amount of yellow ink reduces the total weight of the ink 
cartridge 70 or allows an increase in amount of another 
color ink. This is especially advantageous in case that 

55 higher-density ink and lower-density ink are provided lor 
specific colors like this embodiment. 

The printer 20 of the embodiment uses higher-den- 
sity ink and lower-density ink for magenta and cyan. The 
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process of referring to the table TC and detemnining the 
on/off state of dots by the cyan ink C (step S110) and 
the process of referring to the table TM and determining 
the on/off state of dots by the magenta ink M (step SI 40) 
actually determine formation or non -formation of dots 
with respect to the higher-density ink and the lower-den- 
sity ink. 

A process of determining formation of deep dots 
and a process of determining formation of light dots are 
carried out at both steps S110 and SI 40. These proc- 
esses fundamentally determine the on/off state of deep 
dots and light dots based on deep level data regarding 
the deep dots and light level data regarding the light 
dots. The deep level data and the light level data corre- 
sponding to the input tone data DS are read from the 
graph of Fig. 1 8. 

For example, in case that the input tone data of cyan 
represents a solid area of 50/256, the recording ratio of 
the deep cyan ink CI is equal to 0%, so that the value 
of deep level data Dth is equal to zero. In case that the 
input tone data represents a solid area of 95/256, the 
recording ratio of the deep cyan ink CI is equal to 7%, 
so that the value of deep level data Dth is equal to 18. 
In case that the input tone data represents a solid area 
of 191/256, the recording ratio of the deep cyan ink CI 
is equal to 75%, so that the value of deep level data Dth 
is equal to 191. In the routine of determining the on/off 
state of light dots formed by a lighter ink discussed be- 
low, the corresponding recording ratios of the light cyan 
ink C2 are 36%, 58%, and 0%, respectively. 

The following describes the process of determining 
formation of dots by taking advantage of the character- 
istics shown in the graph of Fig. 18. The procedure first 
detemnines the on/off state of deep dots based on the 
input tone data DS. This follows a routine of detennining 
formation of deep dots shown in the flowchart of Fig. 1 6. 
When the program enters the routine of Fig. 1 6, the half- 
tone module 99 first refers to the table shown in Fig. 18 
and reads deep level data Dth corresponding to the in- 
put tone data DS at step S222. Fig. 1 8 Is a table showing 
the recording ratios of light ink and deep Ink plotted 
against the tone data of the original image. The tone da- 
ta DS take the values of 0 to 255 for each color (8 bit- 
data for each color), and the magnitude of the tone data 
is accordingly expressed, for example, as 16/256 in the 
following description. 

The deep level data Dth is then compared with a 
predetermined threshold value Drefl at step S224, in or- 
der to detemntne the on/off state of deep dots. Although 
the error diffusion method is adopted In this embodi- 
ment, a dither method may be applied to determine the 
on/off state of dots. In the latter case, the systematic 
dither method using a threshold matrix of discrete dither 
is preferably adopted to set the threshold value. The 
threshold matrix of discrete dither may be, for example, 
a wide-range matrix of 64x64 in size (blue noise matrix). 
In this case, the threshold value Drefl used as the crite- 
rion for determining the on/off state of deep dots takes 



different values for the respective target pixels. The dis- 
crete dither ensures the high spatial frequency of dots 
detenmined by the threshold matrix and makes dots suf- 
ficiently scattered in any specific area. A concrete ex- 

5 ample of the discrete dither is a Beyer's threshold ma- 
trix. Application of the discrete dither causes deep dots 
to be sufficiently scattered and realizes a non-biased 
distribution of deep dots and light dots, thereby improv- 
ing the picture quality. 

10 In case that the deep level data Dth is greater than 
the threshold value Drefl at step S224, the program de- 
termines the on state of deep dots in the target pixel and 
calculates a resulting value RVat step S226. The result- 
ing value RV corresponds to the density of the target 

IS pixel (evaluation value of deep dots). In the on state of 
deep dots, that Is, when it Is determined that dots of high- 
er-density ink are to be formed in the target pixel, the 
value corresponding to the density of the pixel (for ex- 
ample, the value 255) is set as the resulting value RV. 

20 The resulting value RV may be a fixed value or set as a 
function of deep level data Dth. 

In case that the deep level data Dth is not greater 
than the threshold value Drefl at step S224, on the con- 
trary, the program detemnines the off state of deep dots, 

2S that is, no formation of dots by the higher-density ink in 
the target pixel, and sets the value '0' to the resulting 
value RV at step S228. Since the white background of 
the sheet of paper P remains in the place where no dots 
of the higher-density ink are formed, the resulting value 

30 RV Is set equal to zero. 

After detemnining the on/off state of deep dots, the 
program enters a routine of detemnining formation of 
light dots shown in the flowchart of Fig. 1 7, in order to 
detemnine the on/off state of light dots. At step S240, the 

55 halftone module 99 calculates light dot data Dx used for 
determining the on/off state of light dots and obtains cor- 
rected data DC by adding a diffusion error ADu diffused 
from the processed pixels to the light dot data Dx. The 
light dot data Dx is obtained by the following equation: 

40 

Dx = Dth-Z/255 + Dtn.z/255 

wherein Dtn denotes light level data read from the table 
45 of Fig. 18, based on the tone data DS, Z represents an 
evaluation value in the case of the on state of deep dots, 
and z denotes an evaluation value in the case of the on 
state of light dots. The light dot data Dx is a sum of the 
deep level data and the light level data respectively mul- 
50 tiplied by weighting coefficients, which depend upon the 
respective evaluation values. One of the main charac- 
teristics of the present invention is that the on/off state 
of light dots is determined by the light dot data Dx, which 
is based on both the deep level data and the light level 

56 data. Since the evaluation value Z of deep dots is equal 
to 255, the above equation is rewritten as: 
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Dx = Dlh + Dtn -2/255 

which is actually used to calculate the light dot data Dx 
at step S240. The evaluation value z of light dots is sig- 
nificantly smaller than the evaluation value Z of deep 
dots and is set equal to 160 in this ennbodiment. 

At subsequent step S242, it is determined whether 
or not deep dots are in the on state, that is, whether or 
not deep dots are fomned (for example, by the cyan ink 
CI). In case of no formation of deep dots, the program 
carries out the processing of and after step S244, in or- 
der to detenmine the on/off state of the lower-density 
dots or light dots (for example, by the light cyan ink C2). 

In this embodiment, the error diffusion method is 
adopted to detennine the on/off state of light dots, that 
is, formation or non-formation of light dots, for example, 
by the light cyan ink C2. At step S244, the tone data DC 
corrected according to the concept of error diffusion is 
compared with a predetermined threshold value Dref2 
for light dots. The threshold value Dref2 represents a 
reference value for determining whether or not dots 
should be formed by the low-density, light ink in a target 
pixel. Here the threshold value Dref2 is a variable vary- 
ing with the corrected data DC. 

In case that the corrected data DC is greater than 
the threshold value Dref2 at step S244, the program de- 
termines the on state of light dots and calculates a re- 
sulting value RV (evaluation value of light dots) at step 
S246. The resulting value RV here takes the value '122' 
as a reference value and is corrected by the corrected 
data DC. In case that the corrected data DC is not great- 
er than the threshold value Dref2 at step S244, on the 
contrary, the program determines the off state of light 
dots and sets the value '0' to the resulting value RV at 
step S248. 

Figs. 19a through 19h show examples of the print- 
ing state of light dots and deep dots formed, for example, 
by the cyan ink CI and the light cyan ink C2. In the range 
of low tone data (in the range of tone data=0/256 to 
63/256 in this embodiment), dots are formed only by the 
light cyan ink C2 as shown in Figs. 19a and 19b. The 
proportion of light dots existing in a predetermined area 
increases with an increase in tone data^ while formation 
of deep dots starts and gradually increases as shown in 
Figs. 1 9c through 1 9e. In the range of higher tone data, 
no light dots but only deep dots are formed as shown in 
Figs. 1 9f and 1 9g. When the tone data reaches the max- 
imum, the recording ratio of deep dots is equal to 100% 
as shown in Fig, 19h. 

In the printer 20 of the embodiment discussed 
above, the ink cartridge 70 mounted on the carriage 30 
includes the yellow ink of higher dye density and the 
higher-density ink and the lower-density ink for both cy- 
an and magenta. In the area where the input image has 
low tones, the light cyan ink and the light magenta ink 
having the lower dye densities are used for recording. 
This improves the granularity in the tow tone area, there- 



by ensuring the extremely high printing quality The den- 
sity of yellow ink can be heightened to the extent that 
does not worsen the granularity with respect to dots of 
yellow ink. The limit is four times the standard dye den- 
5 sity This structure significantly reduces the mean vol- 
ume of yellow ink discharged per unit area. 

Although the density of yellow ink is heightened in 
the above embodiment, the principle of the present in- 
vention is not restricted to the yellow ink. The same ef- 
fects can be exerted by increasing the density of any ink 
having the highest lightness or the lowest conspicuous- 
ness of granularity among the combination of color inks 
used for printing. The embodiment lowers the proportion 
of dots formed by the yellow ink, in order to correct the 
biased color balance due to the enhanced dye density 
of the yellow ink. The bias may alternatively be corrected 
by decreasing the diameter of dots formed by the yellow 
ink. The size of dots formed on the sheet of paper P is 
adjusted by regulating the diameter of each nozzle for 
spraying ink or the intensity of the voltage pulse (voltage 
and duration) applied to the piezoelectric element PE. 
By way of example, the nozzle 66 for the yellow ink Y2 
may be formed as the nozzle for smaller diametral dots, 
whereas the nozzles 62 and 63 for the cyan ink C and 
the nozzles 64 and 65 for the magenta ink M are formed 
as the nozzles for greater diametral dots. 

In the above embodiment, the programs for control- 
ling formation of the respective color dots are stored in 
the printer driver 96 included in the computer 90. These 
programs may however, be stored in the printer 20. For 
example, in case that the computer 90 sends image in- 
formation written in a language, such as PostScript, the 
printer 20 has a halftone module and other required el- 
ements. 1 n the embodiment, the software realizing these 
functions is stored in a hard disk of the computer 90 and 
incorporated into the operating system in the form of the 
printer driver at the lime of activation of the computer 
90. In accordance with another possible application, the 
software may be stored in portable storage media (car- 
riable storage media), such as floppy disks and CD- 
ROMs, and transferred from the portable storage media 
to the main memory of the computer system or an ex- 
ternal storage device. The software may further be 
transferred from the computer 90 to the printer 20. Still 
another possible application utilizes an apparatus for 
supplying the software via a communication line. In this 
structure, the contents of the halftone module may be 
transferred to either the computer 90 or the printer 20 
via the communication line. 

In the above embodiment, a predetermined voltage 
is applied to the piezoelectric elements PE for a prede- 
termined time period, in order to discharge both the low- 
density ink and the high-density ink. Another method 
may, however, be applicable to discharge inks. The 
available ink-discharge techniques can be classified in- 
to two types; that is, the method of separating ink parti- 
cles from a continuous jet stream of ink and the on-de- 
mand method applied in the above embodiment. The 
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former type includes a charge modulation method that 
separates droplets of ink from a jet stream of ink by 
means of charge modulation and a micro-dot method 
that utilizes fine satellite particles produced in the proc- 
ess of separating large<liametral particles from a jet 
stream ot ink. These methods are applicable to the print- 
ing system of the present invention that utilizes inks of 
different densities. 

The on-demand type, on the other hand, produces 
ink particles required in the unit of dots. An available 
method of the on-demand type, other than the method 
utilizing the piezoelectric elements applied in the above 
embodiment, uses a heating body HT disposed in the 
vicinity of nozzles NZ ot ink, produces bubbles BU by 
heating ink, and makes ink particles IQ discharged by 
the pressure of the bubbles BU as shown in Figs. 20A 
through 20E. Such on-demand type methods are appli- 
cable to the printing system of the present invention that 
utilizes inks of different densities or plural types ot dots 
having different diameters. The idea of increasing the 
density of the ink having the highest lightness or the low- 
est conspicuousness of granularity is also applicable to 
thermal transfer color printers and electrophotographic 
color printers, such as laser printers. 

The present invention is not restricted to the above 
embodiment, but there may be many modifications, 
changes, and alterations without departing from the 
scope or spirit of the main characteristics of the present 
invention. 

By way of example, several means disposed in the 
casing ot the printer in the above embodiment may be 
included in an output apparatus for outputting images to 
be printed. The correction means may be realized by a 
discrete circuit or by the software in an arithmetic and 
logic operation circuit including a CPU. In the latter case, 
for example, the apparatus for outputting images to be 
printed, such as a computer, carries out the processes 
relating to the formation of dots, whereas only the mech- 
anism for controlling discharge of inks from the heads 
and actually forming dots on a paper is disposed in the 
casing of the printer. 

There are several variations in structure of the ink 
cartridge. For example, when the printing system is 
used for color printing with a plurality of color inks, three 
or more different color inks may be stored in a separate 
vessel from the vessel of black ink. This structure pre- 
vents the timing of replacement of the color ink cartridge 
from being affected by consumption of black ink that is 
frequently used for printing characters 

It should be clearly understood that the above em- 
bodiment is only illustrative and not restrictive in any 
sense. The scope of the present invention is limited only 
by the terms of the appended claims. 



Claims 

1. A printing system having a head for recording at 



least three different color inks, which are mixable to 
express hues in a predetermined range, on a print- 
ing object, 

5 wherein a density ratio of a specific color ink, 

which has highest lightness against a fixed re- 
cording ratio among said at least three different 
color inks, to the other color inks is determined, 
in order to enable a color balance to be biased 
10 to said specific color ink having the highest 

lightness in the case that said specific color ink 
and the other color inks have an identical re- 
cording ratio per unit area, 
said printing system comprising: 
15 correction means for correcting a recording 

amount of said specific color ink having the 
highest lightness to a level that cancels said bi- 
as. 

20 2, A printing system having a head for recording at 
least three different color inks, which are mixable to 
express hues in a predetemnined range, on a print- 
ing object. 



25 wherein a density ratio of a specific color ink, 

which has lowest conspicuousness of granular- 
ity against a fixed recording ratio among said 
at least three different color inks, to the other 
color inks is determined, in order to enable a 

30 color balance to be biased to said specific color 

ink having the lowest conspicuousness of gran- 
ularity in the case that said specific color ink 
and the other color inks have an identical re- 
cording ratio per unit area, 

55 said printing system comprising: 

correction means for correcting a recording 
amount of said specific color ink having the low- 
est conspicuousness of granularity to a level 
that cancels said bias. 

40 

3. A printing system in accordance with claim 1 or 2, 
wherein said at least three different color inks com- 
prise yellow, magenta, and cyan, and said specific 
color ink is yellow. 

45 

4. A printing system in accordance with claim 1 , 2 or 
3, wherein said specific color ink has an increased 
dye density in a range of 1 . 1 to 4 times a balancing 
density that ensures the color balance in the case 

50 that said at least three different color inks have an 
identical recording ratio per unit area. 

5. A printing system in accordance with claim 1, 2, 3 
or 4, wherein said correction means corrects the re- 

55 cording amount of said specific color ink by de- 
creasing a proportion of dots formed by said specific 
color ink. 
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6. A printing system In accordance with claim 1, 2, 3 
or 4: wherein said correction means corrects the re- 
cording amount of said specific color ink by de- 
creasing a diameter of dots formed by said specific 
color ink. 

7. A printing system in accordance with any preceding 
claim, wherein each of said at least three different 
color inks recorded on said printing object is provid- 
ed as a solution prepared by either one of two ways: 
dissolving either one of a dye and a pigment in a 
solvent and dispersing either one of said dye and 
said pigment in said solvent, 

each said solution containing either one of said 
dye and said pigment being sprayed from said 
head onto said printing object, 
said correction means correcting a discharge 
amount of said specific color ink. 

8. A printing system in accordance with claim 7, 
wherein at least two types of inks having different 
densities are provided for the color inks other than 
said specific color ink among said at least three dif- 
ferent color Inks provided as said solutions, 

said at least two types of inks having different 
densities with respect to the other color inks as well 
as said specific color Ink being sprayed from said 
head. 

9. A printing system In accordance with claim 8, 
wherein said at least two types of inks having differ- 
ent densities are provided for magenta and cyan, 
and a dye density of a lower-density ink with respect 
to each color is approximately one quarter a dye 
density of a higher-density ink. 

1 0. A printing system In accordance with any preceding 
claim, wherein said head comprises a mechanism 
for discharging Ink particles under a pressure ap- 
plied to each ink running through an ink conduit by 
application of a voltage to a piezoelectric element 
disposed in said ink conduit. 

11. A printing system in accordance with any of claims 
1 to 9, wherein said head comprises a mechanism 
for discharging ink particles under a pressure ap- 
plied to each ink running through an ink conduit by 
air bubbles that are produced by a supply of elec- 
tricity to a heating body disposed In said ink conduit. 

12. A printing system in accordance with any preceding 
claim, said printing system further comprising: 

means for determining either one of formation 
and non-formation of dots with respect to each said 
color ink by a dither method. 

13. A printing system In accordance with claim 12, 



wherein the dither method utilizes a threshold ma- 
trix of discrete dither. 

14. A method of recording a multi-tone image by con- 
5 trolling a head that is able to record at least three 

different color inks, which are mixable to express 
hues in a predetermined range, and regulating a 
distribution of dots formed by said at least three dif- 
ferent color inks based on tone signals regarding an 
70 original innage to be printed, said method compris- 
ing the steps of: 

determining a density ratio of a specific color 
ink, which has highest lightness against a fixed 
75 recording ratio among said at least three differ- 

ent color inks, to the other color Inks, in order 
to enable a color balance to be biased to said 
specific color Ink having the highest lightness 
in the case that said specific color ink and the 
20 other color inks have an identical recording ra- 

tio per unit area; and 

correcting a recording amount of said specific 
color ink having the highest lightness to a level 
that cancels said bias. 

25 

15. A method of recording a multi-tone image by con- 
trolling a head that is able to record at least three 
different color inks, which are mixable to express 
hues in a predetermined range, and regulating a 

30 distribution of dots formed by said at least three dif- 
ferent color inks based on tone signals regarding an 
original innage to be printed, said method compris- 
ing the steps of: 

35 determining a density ratio of a specific color 

Ink, which has lowest conspicuousness of gran- 
ularity against a fixed recording ratb among 
said at least three different color inks, to the oth- 
er color inks, in order to enable a color balance 

40 to be biased to said specific cobr ink having the 

lowest conspicuousness of granularity in the 
case that said specific color ink and the other 
color inks have an identical recording ratio per 
unit area; and 

45 correcting a recording amount of said specific 

cobr ink having the lowest conspicuousness of 
granularity to a level that cancels said bias. 

16. An ink cartridge attachable to a printing system hav- 
50 ing a head for recording at least three different color 

inks, which are mixable to express hues in a prede- 
termined range, on a printing object, 

said ink cartridge comprising said at least three 
55 different color inks, which are mixable to ex- 

press hues in the predetermined range and 
stored therein, 

wherein a specific color ink having highest light- 
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ness against a fixed recording ratio among said 
at least three different color inks has a dye den- 
sity higher than a balancing density that en- 
sures a color balance in the case that said at 
least three different color inks have an identical s 
recording ratio per unit area, 
a volume of said specific color ink stored in said 
ink cartridge being not greater than a volume 
ot each of the other color inks. 

70 

17. An ink cartridge attachable to a printing system hav- 
ing a head for recording at least three different color 
inks, which are mixable to express hues in a prede- 
termined range, on a printing object, 

15 

said ink cartridge comprising said at least three 
different color inks, which are mixable to ex- 
press hues in the predetermined range and 
stored therein, 

wherein a specific color ink having lowest con- 20 
spicuousness of granularity against a fixed re- 
cording ratio among said at least three different 
color inks has a dye density higher than a bal- 
ancing density that ensures a color balance in 
the case that said at least three different color 2S 
inks have an kienticat recording ratio per unit 
area, 

a volume of said specific color Ink stored in said 
ink cartridge being not greater than a volume 
of each of the other color in ks. 30 

18. An ink cartridge in accordance with claim 16 or 17, 
wherein each of said at least three different color 
inks recorded on said printing object is provided as 

a solution prepared by either one of two ways: dis- 3S 
solving either one of a dye and a pigment in a sol- 
vent and dispersing either one of said dye and said 
pigment in said solvent, 

at least two types of inks having different den- 40 
sities being provided for the color inks other 
than said specific color ink among said at least 
three different color inks provided as said solu- 
tions, 

a volume of said specific color ink being not 4S 
snoaller than a volume of each of said at least 
two types of inks having different densities. 

19. An ink cartridge used in a method in accordance 
with claim 14 or 15, 50 

said ink cartridge comprising said at least three 
different color inks, which are mixable to ex- 
press hues in the predetermined range and 
stored therein, ss 
wherein said specific color ink has a dye density 
higher than a balancing density that ensures a 
color balance in the case that said at least three 



different color inks have an identical recording 
ratio per unit area, 

a volume of said specific color ink stored in said 
ink cartridge being not greater than a volume 
of each of the other color inks. 
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